During the last six years there has been a marked change in the nature of interlaboratory variance in enzyme determinations in Finland. With ordinary two-dimensional plotting methods the change is difficult to see, because enzyme activities are different for each control serum. The decrease in the coefficient of variation (CV) is best seen when the CV is displayed as a trend surface as a function of time and enzyme activity. While the overall variance has decreased, the shape of the curve relating CV to enzyme activity has also changed. The dependence of CV on the enzyme activity level has decreased slightly. The use of trend surfaces to describe three-dimensional functions in external quality assessment is described.
giving better fits were chosen. The fit was defined as the cumulative sum of squared differences between the model and observations. The model functions are products of polynomials in time and concentration. A special feature of the polynomials used is that some exponents are non-integers. This has been found to give clearly better fits.
Methods
The data from 72 summary reports of monthly external quality assessment surveys was used. Each month a different lyophilised control serum was sent to the participants. Each laboratory analysed the serum sample once. The results were collected and analysed statistically by a special non-profit company founded to carry out external quality assessment surveys, Clinical Laboratory Quality Control Ltd, using a program package written by us. The corrected mean values are listed with corrected standard deviations and coefficients of variation. This document, together with individual histograms showing the result of the individual laboratory in relation to other results, was sent back to the laboratories every month. Four times a year each laboratory received a cumulative summary in graphic form of their last 12 results for up to 50 different deterrninations."
The mean values and CVs from enzyme determinations were used in this study. Measurements of enzyme activities for alkaline phosphatase (AP), alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), and lactate dehydrogenase External quality assessment is widely used to monitor the performance of clinical laboratories.' The mean of all results, or of all results by a particular method, is frequently provided to participants as a target value (consensus value). The coefficient of variation (CV, standard deviation/mean value) may be used to describe the interlaboratory imprecision of a single method. One problem with CV is that it varies with the concentration of the component measured. Usually the CVs are smaller for higher concentrations than for lower ones. For this reason it is difficult to compare directly the CV values from different control samples. Furthermore, the CV for a single method changes gradually with time. We ought, therefore, to be able to describe the CV as a function of both time and concentration. A threedimensional trend surface was fitted to the enzyme quality assessment data collected from summary reports of monthly surveys in Finland from 1976 to 1981.
A trend surface is a more compact representation of the original data. The effect of spurious variations in the individual control materials is reduced. Fitting trend surfaces involves applied computing and has been treated in more detail by Davis.f The goal is to use the smallest number of parameters that give an adequate fit to the data. The standard error for a parameter should be small compared to the parameter. A number of different models were tried and those giving the best results are shown here graphically. In all cases a number of models give surfaces with almost similar shapes, but those 182 (LD) were performed according to the recommendation of the Scandinavian Enzyme Committee."
The trend surface is described by the product of two polynomials. The first polynomial shows the dependence of CV on enzyme activity, and the second on time. The trend surfaces were fitted by a step-wise regression method in the forward direction," In this method, explanatory variables are added to the equation until a new added term causes only a marginal improvement in the fit. The CV is the variable to be explained. All explanatory variables are basically of the same form:
Time; x Concentration' (i = 0, ... , n and j = 0, ....rn),
If exponents i and j are both zero, the term has a constant value of 1. If either i or j is zero, the corresponding part of the product term is 1. This means that the term consists of either time or concentration. Exponents over 2 are avoided because they give rise to undesirable oscillations ('ringing') at the edges of the graph. Non-integer exponents are aIlowed. The fitting was performed using an Apple II computer (Apple Computer Inc, Cupertino, California) with Applesoft Basic programs. The graphics were plotted with an HP7225A plotter (Hewlett-Packard, San Diego, California) attached to the computer. The accuracy of the calculations is eight digits.
Results

PARTICIPATING LABORATORIES
The number of laboratories participating in the external quality assessment scheme has grown steadily during the six-years observation period. Table 1 shows the yearly mean of the number of laboratories reporting their enzyme results using the Scandinavian recommendation for ALAT, ASAT, AP, and LD. The percentage of the laboratories using these standardised methods is shown in parentheses. The total number of laboratories has increased, and the Scandinavian recommendation has established itself as the dominant method. 34 (81) 1977 133 (76) 144 (71) 110 (72) 41 (89) 1978 IS9 (79) 18S (78) 137 (76) 47 (91) 1979 198 (92) 232 (90) IS9 (83) 49 (92) 1980 229 (94) 2S8 (9S) 177 (92) 49 (9S) 1981 2S6 (97) 283 (97) 196 (96) S2 (97) The percentages of laboratories using the Scandinavian recommendation for ALAT, ASAT, AP, and LD activity measurements are shown in parentheses.
There are fewer laboratories performing LD activity measurements than other enzyme activity measurements. Creatine kinase (CK) and gamma glutamyltransferase (GT) were added to the external quality assessment scheme first in 1978, and the number of laboratories performing these enzyme determinations is still very low. For this reason these two enzymes have been omitted from this study.
ACTIVITY RANGE OF CONTROL SERA
Lyophilised control serum samples from 16 different manufacturers were used during the 72-month study period. Half of these were from human (35) and the rest from animal (37) sources. The activity range of the enzymes varied according to the origin of the sample. This was particularly true for LD. The ranges of the monthly means were 9-125 V/l for ALAT, 15-142 V/l for ASAT, 95-493 V/l for AP, and 215-2558 V/l for LD.
The distribution of the mean values of enzyme activities is shown in Figure 1 . The optimum distribution for this study would be a homogeneous distribution on the activity scale as well as on the time scale. This was not the case for any enzyme. However, only ALAT showed a sharp maximum on the activity scale. The activity values of LD separated into two groups, depending on the origin of the sera. fractional exponents, but a term Time to 1·2 is included for an other enzymes. The polynomial coefficients for the selected functions are given in Table 2 . Table 3 shows the mean values of monthly a.
a,
-5 . 759E-5 CVs and the average size of the prediction error. The prediction error is calculated from the differences between the trend surface and observations.
As can be seen, the errors are around 15-25 % of the predicted values. Figure 2 presents the trend surfaces and their cross-sections. The first row shows two-dimensional projections of the three-dimensional trend surfaces. The vertical axis corresponds to the CV. The height of the plotted cube is 50% in an the figures. The Table 3 Mean
values of monthly coefficients of variation and average prediction error
The model for ASAT, AP, and LD was:
The model for ALAT was: z = til +a2,x + aaY + a4y2 +asxy + a7xy2
Enzyme
Mean CV Prediction error
In both functions x corresponds to the time in months, y is the enzyme activity (UIL 37 D C) , and z is the CV (%1. The functions are Prediction error is the average difference between the trend surface validonly in theenzyme activity range given in Figure 1 . and observations expressed as CV units. time axis extends from the background to the foreground, and the time scale covers 72 months. The enzyme activity is shown from left to right and the scale varies, depending on the enzyme. The trend surfaces clearly show that the overall variance deoreases with time. This can be seen even better in the figures in the second row, where the CV is shown as a function of time for a constant enzyme activity. The activity chosen for these figures corresponds to the upper limit of the normal range of each enzyme.
ASAT
The figures in the third row show two crosssections of the three-dimensional surfaces along the enzyme activity axis. The upper curve (broken line) corresponds to January 1976 and the lower curve (solid line) to December 1981. The activity ranges are the same as in three-dimensional pictures. The relative decrease in CV is largest at the lower enzyme activities.
In ASAT and ALAT measurements we can observe a local minimum on the activity scale. The reason for the higher coefficients of variation at lower enzyme activities may be the differences in the linearity of individual photometers. A source of error at higher activities is that of the manual dilution of control serum. For example, dilution is necessary for the LD determination with some bovine samples.
The LD determination has the lowest CV. As can be seen in Table I , this determination is carried out by the smallest number of laboratories. Most of these laboratories are large and well equipped. In addition, the instrumental errors are smaller than in ASA T and ALAT determinations due to the lower initial absorbance.
Discussion
The fitting of a trend surface omits details in order to bring out the general features of the surface. If the model has too many parameters the individual data points lie closer to the model surface, but the overall features are harder to see. If the function is too stiff, the trend surface will not follow the data points well enough, and important features can be missed. The choice of the model is an empirical process which requires several attempts with different structures until a satisfactory model is found.
Two-dimensional analyses of external quality assessment data have been used previously. The 'cross-sectional' analyses by Ross et al. 6 7 clearly show that the coefficient of variation often decreases at higher concentrations of several serum constituents, but the study did not include enzymes. Ross et al. 6 7 fitted normal polynomials of zero to five degrees (one to six parameters) using regression analysis.
A 'longitudinal' study by Hansell and Haven" over a seven-year period shows how the CV ligand assays decrease with time. They did not compensate for the effect of different pool concentrations in the assay sera, which causes extra 'kinks' in the time curve.
When the trend surfaces are inspected in more detail, it becomes clear that the general shapes of the cross-sections change with time. So the dependence of error on concentration shows some drift with time.
The study by Stromme et at. s shows that the introduction of the standardised methods for enzyme determinations had a beneficial effect on variance between laboratories. It should be noted that their analysis was based on the results of a Nordic survey in which all participants are from the larger laboratories. Most of the laboratories in the Finnish national external quality assessment survey are small laboratories without permanent academic staff.
The trend toward smaller variance is encouraging, although the detailed mechanism of the development remains unknown. It is known that Scandinavian enzyme recommendations have drawn the attention of the laboratories to the importance of proper equipment, and several have acquired new photometers with digital readout and improved thermostats. The role of the digital readout is best seen in the lower activity range where changes in absorbance are small. The improvement is greater at the lower end of the activity scale. The improved linearity of the latest photometers can also be expected to reduce variance.
Lastly, we should not forget the importance of psychological factors. The idea of 'officially' recommended methods is still rather new, and the users apparently give special attention to the new methods. Likewise, the participation of all laboratories in the external quality assessment is a relatively recent development, and a lot of training is going on in the field. It is very important that the quality assessment work never becomes 100% 'routine'. There must be continuous renewal of the feedback information that the laboratories receive, otherwise the results will be simply filed away and forgotten. The improvements in interlaboratory performance can be seen clearly using three-dimensional displays of CV against time and concentration. It is hoped that the results will encourage the laboratories to strive for even higher standards.
